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Abstract 
We use the new economic geography perspective to explore the impacts of the Internet on the 
market linkages of two manufacturing and two service IT industries, and the consequential effects 
on their agglomeration. We study IT industry agglomeration at the county level across the entire 
United States during 1998-2004. The industries that we study are: computer manufacturing, semi-
conductors manufacturing, software publishing, and computer systems design and services.  We 
develop a model of industrial agglomeration based on market potential for growth which incorpo-
rates Internet adoption.  Using nonlinear regression for 3,142 counties, we find evidence that In-
ternet adoption is a significant determinant of the market potential and agglomeration for all four 
IT industries. We report that the effect of the Internet appears to be less important for firms lo-
cated in urban counties. In big cities, the overall concentration of IT manufacturing industries is 
declining, while that of IT service industries is increasing.   
Keywords: Agglomeration, economic impacts, employment density, knowledge spillovers, market 
linkages, market potential, new economic geography, transaction costs. 
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Introduction 
Firms do not spread evenly over geographical space. Instead, they tend to agglomerate or collocate in certain 
geographical areas.  The new economic geography perspective posits that firms tend to agglomerate near large mar-
kets (Krugman, 1991). A large market is a good location for the production of both finished and intermediate goods. 
The finished goods can be sold to the consumers without incurring large distribution and transportation costs. Pro-
ducers of intermediate goods, meanwhile, have incentives to locate near producers of finished goods (Krugman and 
Venables, 1995; Venables, 1996). The Internet has the potential to change the ability of firms to make effective loca-
tion choices with respect to their markets.  In particular, the Internet lowers transaction costs and enables instantane-
ous sharing of information between geographically-remote organizations (Ciborra, 1983; Malone et al., 1987).  The 
Internet also supports collaboration and strategic alliances over large geographic distances (Clemons et al., 1993). 
Fragmentation of production processes also is becoming increasingly common (Defever, 2006).  The growth in out-
sourcing, offshoring and e-commerce are real-life manifestations of how economic relationships are getting rede-
fined between firms, and between firms and customers, in the presence of the new technologies.   In this context, 
Cairncross (2001) predicted that the decline in communication costs would lead to the “death of distance” and Gor-
don and Richardson (1996) suggested that use of Internet will lead to the dispersion of economic activities.  
In this article, we empirically study how Internet adoption by firms and households affects the market linkages 
in the manufacturing and services information technology (IT) industries. The study of IT industries is relevant be-
cause they have been the vehicle of growth in the last couple of decades and form an important component of the 
digital economy.  DeVol (1999) says that among not very different metropolitan areas in the U.S., the growth in the 
high-tech industry explains nearly 70% of the variation in relative economic growth.  For developing countries like 
India, IT industries have been the driver of economic growth for over a decade. Agglomerations are associated with 
increasing returns to scale and changes in agglomeration have implication to industries’ productivities.  Second, IT 
industries represent a sample involving both manufacturing and service industries, which have close links among 
their activities.  Semiconductors are used to produce computers and electronic hardware.  Software complements 
computers and other electronic hardware. It is also extensively used for semiconductor design and development (Di 
Micheli and Gupta, 1997). As such, the IT industries provide a natural context where differences between manufac-
turing and service industries can be studied. Third, these industries are often geographically linked.  Many IT ag-
glomerations, including Silicon Valley, Route 128 in Massachusetts, and Austin in Texas, have a heterogeneous mix 
of service and manufacturing industries.  If the impacts of the Internet are different for manufacturing and service 
industries, however, then these industries may not likely to be agglomerated together.   
To determine whether the Internet is impacting agglomeration of the manufacturing and the service industries 
differently, we study two IT manufacturing industries.  They are: computer and peripheral equipment manufacturing 
(NAICS 33411), abbreviated as CPEM; and semiconductor and other electronic component manufacturing (NAICS 
33441), abbreviated as SECM.  We also study two IT service industries: the software publishing industry (NAICS 
51121), abbreviated as SP; and the computer systems design and related services industry (NAICS 54151), abbrevi-
ated as CSDS. In our investigation, we will address the following research questions: Are the spatial dynamics of 
agglomeration different for IT manufacturing and service industries? Does the Internet impact the market linkages of 
IT manufacturing and service industries and, if so, how does this in turn affect agglomeration?  What theory can 
explain these impacts? Does the Internet lead to an urban-rural divide in the market linkages of IT manufacturing 
and service industries? What empirical methods can help estimate these and the other impacts?  
We draw upon previous research to set forth theory and testable hypotheses concerning the impacts of the Inter-
net on the market linkages and agglomeration of four IT manufacturing and service industries.  Using nonlinear re-
gression, we find evidence that Internet adoption is significant in determining the market potential of a location and 
the likely observed agglomeration for all four IT industries. Also, the effects of the Internet are less important for 
firms located in urban counties, and in big cities, the concentration of IT manufacturing industries is declining, while 
the concentration of the IT service industries is increasing. Leamer and Storper (2001) conceptually examine the 
impact of Internet on location of economic activity. They argue that the use of the Internet may lead to dispersion of 
some routine activities, but also the complexity and time dependence of productive activities. In other words, Inter-
net adoption causes certain forces of disagglomeration, which may be offset by possibly stronger forces of agglom-
eration. We extend their work by providing empirical support for our conclusions and distinguishing impacts be-
tween the manufacturing and service sectors, and the rural and urban areas.   
The paper has seven sections.  §2 provides a theoretical perspective and an overview of the previous literature 
on agglomeration and other relevant theories which help us understand the impacts of Internet on market linkages 
and the agglomeration of firms.  We then state a series of hypotheses that are intended to explain the impacts of the 
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Internet on manufacturing and service IT industries.  §3 explains the research model, the methodology and the data 
used in this study.  §4 presents a longitudinal analysis of the agglomeration of IT industries. This helps to point out 
the differences in the spatial trends in IT manufacturing and service industries.  §5 presents the results of our empiri-
cal analysis.  §6 examines different potential explanations for the results and articulate the policy implications of the 
study. §7 summarizes the main findings of this paper, and identifies potential limitations and future work.     
Theoretical Perspective 
Deardorff’s Glossary of International Economics (www-personal.umich.edu/~alandear/glossary/a.html) defines 
agglomeration as the phenomenon of economic activity congregating in or close to a single location, rather than 
being spread out uniformly over space.  
Agglomeration and the New Economic Geography Perspective  
Agglomerations have a geographic core and a more distant periphery. Von Thunen (1826) used the core-
periphery structure to explain the pattern of cities in pre-industrial Germany.  Christaller (1933) postulated the cen-
tral place theory, in which markets provide goods and services for population surrounding them. Marshall (1890) 
posited that agglomerations have externalities arising from specialization, labor market interactions, and knowledge 
spillovers, resulting in scale economies.  Without recognizing indivisibilities of increasing returns to scale, spatial 
economy would be reduced to uniform distribution of economy (Koopmans and Beckmann, 1957; Losch, 1940).  
Hotelling (1929) and Kaldor (1935) posited that space gives competition between firms a specific characteristic. In 
the pre-Internet era, the effective price of a good to a consumer was the sum of the firm’s price and the transporta-
tion cost for getting the good to the customer. Thus, each firm competed directly with only a few neighboring firms, 
giving rise to oligopolistic competition, regardless of the total number of firms in the industry. The urban systems 
theory of Henderson (1974) argued that agglomerations occur when production and consumption show increasing 
returns to scale. Such increasing returns to scale are likely to occur for bundles of goods that are linked and cities, as 
a result, will specialize in linked bundles of goods. However, the agglomerations do not grow indefinitely because 
with increasing agglomeration, the distance which a worker has to travel increases, increasing the transportation 
costs. In addition, agglomeration also leads to congestion. These countervailing effects limit the growth of city size.  
Krugman (1991) provided an analytical model for the spatial dimensions of agglomeration by incorporating the 
effect of geography in the agglomeration of firms. This has since come to be known as the new economic geogra-
phy. He studied two-sectors − manufacturing and agriculture – and argued that, “in order to realize scale economies, 
while minimizing transportation costs, manufacturing firms tend to locate in the region with larger demand,  but the 
location of the demand itself depends on the distribution of manufacturing” (p. 483). In his stylized model, the 
emergence of an agglomeration depends on transportation costs, economies of scale and the share of manufacturing 
in the national income.  We are specifically interested in how the tendency of the firms to locate close to regions 
with larger demand is impacted by Internet adoption. In a subsequent conceptual paper entitled “What’s New about 
the New Economic Geography?” Krugman (1998) labels the tendency to locate close to large markets and other 
related forward and backward linkages as market linkages. 1,2 The term market linkage denotes the operational 
space or interaction field of an organization and its market at a particular point in time.  Market linkages are both 
backward and forward (Krugman, 1998).  Firms tend to locate close to regions with large demand. This is a forward 
market linkage. Assuming that inputs are produced locally and inputs are produced at increasing returns to scale, a 
final-goods firm increases the demand for inputs and thus facilitates greater variety of specialized inputs. These are 
backward market linkages (Rodrίguez-Clarke, 1996). Local production of more specialized inputs enables produc-
tion of greater variety and more complex final goods at competitive prices. These are also forward market linkages 
(Rodrίguez-Clarke, 1996). Market linkages may lead to the integration of markets wherein the prices of differenti-
ated products do not behave independently (Monke and Petzel, 1984). The prices of differentiated products may 
differ in a non-proportionate way because of transportation or market-access costs, risk costs, search costs etc. We 
 
1 We do not describe Krugman’s (1991) model; the interested reader may wish to refer to the original reference.  
2 Linkages “delimit the action space, the operational  space or interaction field within which an organization exists at 
a particular point in time” (Taylor, 1978, p. 314). Linkages are characterized by: the value of a particular contact; the 
volume or magnitude of the contact; the frequency with which the contact occurs (Steed, 1968; LeHeron and 
Schmidt, 1976; Taylor, 1978). Market linkages are different from linkages in the production process. Production 
process linkages are necessitated because of technical division of labor and disaggregation of activities into sectors 
of production (Scott, 1983).    
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call these effects the market linkage effects because they result from market linkages. In the pre-Internet era, local 
markets created stronger market linkages with local firms.  
Krugman’s work gained rapid acceptance and several researchers have built on the new economic geography 
model. These include Duranton and Puga (2005), Fujita and Hamaguchi (2001), Fujita and Krugman, (1995), Fujita 
and Mori (1996), Fujita and Smith (1990), Fujita and Thisse (1996), Helpman (1998), Krugman and Venables 
(1995), Ota and Fujita (1993), and Venables (1996), among others. The new economic geography perspective says 
that agglomeration results from opposing forces: centripetal forces aid agglomeration, and centrifugal force aid dis-
persion (Krugman, 1998). Centripetal forces are: market linkages, thick labor markets and knowledge externalities. 
They create attraction between firms and customers, firms and labor, and firms and firms (Knaap, 2006). Centrifugal 
forces are: immobile factors, land rents and external diseconomies arising from factors like congestion.  
Carrying out an empirical study of the new economic geography forces and outcomes is not easy (Brakman et 
al., 2006). There are many related analytical models, but empirical works have been slow to follow. The seminal 
empirical studies are are by Hanson (2005) and Redding and Venables (2004). Empirical research in this area gained 
momentum with a recent issue of Regional Science and Urban Economics devoted to empirical work on the new 
economic geography theory (e.g., Brakman et al., 2006, Defever, 2006; Knaap, 2006; Ottaviano and Pinelli, 2006). 
Market access is an important determinant of the market linkages and agglomeration in the new economic geog-
raphy perspective (e.g., Redding and Venables, 2004; Ottaviano and Pinelli, 2006). An illustrative list of factors 
which influence market access includes transportation costs, search costs, risk and uncertainty, sharing indivisible 
facilities, and ease of market outsourcing. These factors are influenced by Internet adoption by both firms and 
households. This suggests that Internet adoption also will affect market linkages and, thereby, influence agglomera-
tions. Our broad modus operandi is to look into how Internet adoption has changed the market linkages and the con-
sequent effect on agglomerations. We control for other factors which may also affect agglomerations.   
The Effects of the Internet on Transaction Costs and Agency Costs 
Several elements which influence market linkages (e.g., transportation costs, search costs, risk, and ease in out-
sourcing) relate to the transaction costs which the firms have to incur (Coase, 1937; Williamson, 1975). Some other 
items relate to agency costs (Alchian and Demsetz, 1972; Jensen and Meckling, 1976). Specifically, we refer to 
costs that have to be incurred in the production of a greater variety of products. We use transaction cost economics 
and agency theory to examine the impact of Internet adoption on the market linkages. 
Proximity to markets provides advantages. An obvious one is reduced transportation and distribution costs. 
Proximity to the market leads to better market information. Higher demand for goods by consumers enables produc-
ers to charge higher prices. Proximity to a large number of consumers provides economies of scale (Brakman et al., 
1996; Krugman, 1998). As local markets lead to concentration of firms, other firms in the supply chain tend to col-
locate. Collocation of firms producing intermediate goods reduces transportation costs, search costs, risks and uncer-
tainty. Proximity of intermediate goods industries lowers transport costs for intermediate goods too.  
Concentration of an industry in a small area can support greater variety of intermediate input goods locally (Fu-
jita and Hamaguchi, 2001; Krugman and Venables, 1996). A large consumer market also supports higher variety in 
final goods (Fujita and Krugman, 1995). It also permits sharing the gains from a wider variety of input suppliers that 
can be sustained by a larger final goods industry, sharing the gains from the narrower specialization that can be sus-
tained with larger production, and sharing risks (Duranton and Puga, 2003). The scale of operation generated in con-
centrated markets makes sharing of common indivisible facilities like infrastructure, or repair facilities viable. An-
other benefit of agglomerations is the ability to outsource locally within the cluster (Love and Roper, 2001) due to 
development of strong local supply chains, local interfirm networks, local knowledge and interpersonal networks.  
Internet adoption reduces the agglomerative effect of market linkages by reducing the transaction costs in deal-
ing with geographically-distant markets via e-commerce capabilities.  Information goods and services are especially 
amenable to e-commerce as they are distance-neutral and do not involve transportation costs. However, as transpor-
tation costs increase, the influence of the Internet or other electronic networks falls (Fujita and Gokan, 2004). Inter-
net-based electronic markets also widen a firm’s access to a larger number of suppliers, increasing competition and 
lowering prices. The Internet also reduces transaction costs in outsourcing (Clemons et al., 1993). Internet-enabled 
supply chains further increase the prospect of outsourcing, not only to collocated vendors but also to remote ven-
dors. Internet-enabled business-process-outsourcing has led to the fragmentation of firms with the outsourced busi-
ness processes remotely located. This is evident from the increase in demand for various services (e.g., financial 
services, IS, advertising, accounting, insurance, personnel training, and management consultancy) (Sassen, 1994). 
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The use of IT leads to greater variety (Brynjolfsson and Hitt, 1998). Mass customization is an example of great-
er variety enabled by Internet.  Further, due to reduced monitoring and bonding costs (Gurbaxani and Whang, 1991), 
the Internet enables both vertical expansion (via the incorporation of more activities in the vertical value chain with-
in the firm) and horizontal expansion (with expansion into new markets and new products). One effect of horizontal 
expansion is the move towards greater and faster globalization of enterprises (Chandler, 1986).   
New Economic Geography Hypotheses for the Market Linkages of IT Industries 
Transaction cost economics and agency theory suggest that increased Internet adoption enhances firms’ abilities 
to access distant markets and reduce linkages with proximate markets.  Thus, we assert that: 
• Hypothesis 1 (Diminished Market Linkage Effect). Internet adoption is associated with the diminished im-
portance of distance in market linkages of IT industries. This suggests less agglomeration near larger markets.  
We expect that the effect of the Internet will be different for IT manufacturing and service industries.  The man-
ufacturing sector refers to firms engaged in the mechanical, physical, or chemical transformation of materials, sub-
stances, or components into new products. The assembling of component parts of manufactured products is also 
considered manufacturing. We expect both IT manufacturing and service industries to show increasing returns to 
scale. However, IT service industries differ from manufacturing industries in that produce physical products like 
manufacturing does.  They also often do not require direct contact between a supplier and a consumer, and generally 
are associated with negligible transportation costs.  IT service industries’ focus makes their production processes 
and distribution different from what occurs in the manufacturing sector.  For industries with very high transport 
costs, the dispersive effect of the Internet on firm location choices may not be very strong (Fujita and Gokan, 2004).  
Tabuchi and Thisse (2006) say that an industry is partially-dispersed and the other industry is agglomerated when 
one is perfectly mobile. Service industries are more mobile, with lower capital needs, so IT service industries should 
be more dispersed than the IT manufacturing industries. We expect that that the diminished market linkage effect 
may be more prominent for IT service industries than for IT manufacturing industries. Accordingly, we propose:  
• Hypothesis 2 (Differential Impact on Manufacturing and Service IT Industries). The market linkage effect 
is greater for IT service industries than for IT manufacturing industries.  
The Internet is likely to impact agglomerations in urban and rural areas differently. Forman et al. (2005) test 
two contradictory beliefs about use of Internet in urban and rural settings. One argues that the Internet requires infra-
structure and support services which are more easily available in cities and, therefore, use of Internet is more likely 
in cities. The other argues that the Internet lessens the importance of distance by reducing coordination costs and 
rural areas are likely to use it more, as a result. Using empirical data, they find that the use of the Internet is more 
likely in rural areas than in urban areas. However, urban locations are more likely to adopt enhanced applications of 
IT as compared to rural areas. In the context of market linkages, the greater use of Internet by rural areas suggests 
that the Internet should affect the market linkage of IT industries in rural areas more than the firms in cities. Accord-
ingly, we expect the following to be true: 
• Hypothesis 3 (Differential Impact in Rural and Urban Areas). The market linkage effect is less in cities. 
The “slicing up” of the value-chain is particularly easy for service functions. Due to use of networking and 
communication technologies, Duranton and Puga (2005) predict that services are more likely to be located in big 
cities and production plants in small and low-wage cities. If we extend their argument to IT manufacturing and IT 
service industries, it follows that due to increasing Internet adoption, the IT service industries, the CSDS and SP 
industries may become increasingly concentrated in bigger cities. Further, the IT manufacturing industries, CPEM 
and SECM may increasingly concentrate in smaller cities. Although we do not offer a specific hypothesis in this 
regard, we did some early exploration regarding this differential agglomeration trend between big and small cities.  
Modeling Concepts, Data and Methodology 
We first discuss the estimation model. Thereafter, we describe the data set that we collected and discuss the me-
thodological considerations associated with effectively estimating the model.  
The Concept of Effective Market Potential 
We use a market potential function to represent the market access of a location (Harris, 1954). The market po-
tential of a place reflects the intensity of its possible contacts with markets. The market potential (MKT_POT) of a 
location j is the summation of markets (M) accessible to j divided by their distances (d) from j:
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For example, to calculate the market potential of Hennepin County in Minneapolis, Minnesota, we sum the income 
of all the other 3,141 counties in the United States divided by their respective distance to Hennepin County. Market 
potential provides a basis for managers to gauge growth opportunities for the location. This is used in urban eco-
nomics to analyze the association between the market potential of a location and the extent of its agglomeration 
(Hanson, 2005; Ottaviano and Pinelli, 2006; Knapp, 2006).  
As consumers and firms use the Internet, the effect of distance between places is altered. For information goods 
and services, it is possible for firms in location j to access consumers in location k irrespective of distance, if there is 
perfect connectivity between the locations j and k. Even for physical goods, the transaction costs in selling in geo-
graphically-remote markets are altered. Online portals provide marketing access to remote customers. However, 
these changes vary depending on the level of Internet adoption and use by firms and customers. We conceptualize 
the effective distance between location j and k as djk · exp(-λITjk), where ITjk represents Internet adoption by firms and 
consumers of the locations j and k, and ITjk is the geometric mean of the Internet adoption of locations j and k. The 
parameter λ defines the effect of the Internet on distance.  We let ITjk vary between 0 and 1. Then the effective dis-
tance formulation implies that the effective distance between two locations varies between djk, when there is no In-
ternet adoption between firms and consumers of place j and k, and djk · exp(-λ) when all firms and consumers in loca-
tions j and k use Internet.  Formally, the effective market potential of location j is: 









We use the effective market potential function in Equation 2 to develop the estimation model. Further, we in-
troduce controls for other forces known to affect agglomeration. Accordingly, broadly, our estimation model is,  
AGGLj = f [MKT_POTj, Controls]                       (3) 
where AGGLj denotes agglomeration of relevant IT industry in location j and MKT_POT is defined by Equation 2.   
Controls. We recognize that there are other forces which influence agglomeration of IT industries. The pres-
ence of a specialized IT labor force is an accepted factor. We control for labor availability in the location through 
two variables. First, we use the number of professionals in IT-related occupations in the location (IT_OCC). We 
identified 15 occupations based on the Standard Occupation Classification (SOC) of the Bureau of Labor Statistics 
(BLS) (Cooke, 2003). Second, we use the total enrollment of college graduates as an overall control for local educa-
tional development (ENROLL).  
Knowledge spillovers between collocated industries also create agglomerative forces.  Marshall (1890), Arrow 
(1962) and Romer (1987) have separately posited that externalities occur within individual industries: MAR exter-
nalities. Jacobs (1969) has argued that externalities also occur between different industries: Jacob externalities 
(Glaeser et al., 1992; Harhoff, 1999). MAR externalities represent economies of scale. Jacobs externalities come 
from economies of scope. Both MAR and Jacobs externalities play important roles in the growth of IT agglomera-
tions which often exist as heterogeneous mix of different IT industries. The scale and scope externalities can be cap-
tured by the constructs for specialization (SPCLZN) and diversity (DIVERSITY) as below (Glaeser et al., 1992).  
SPCLZN =
USinemploymentTotal/USiniindustryinEmployment






Note that higher values of DIVERSITY indicate lower heterogeneity of industries in the location. Congestion also 
influences the level of agglomeration (Krugman, 1991). As congestion increases, firms tend to move away from a 
location. We use population density (POP_DEN), measured as population per unit area, as a measure of congestion. 
Local policies also have significant influences on the agglomeration of local industry.  Policies may be fiscal or 
non-fiscal. We use three proxy variables to control for local policy. We use unemployment rate (UNEMP) as a proxy 
for the efficiency of the local labor market (Ottaviano and Pinelli, 2006).  We use local sales tax rate (TAX) as a 
proxy for local fiscal policy for the industry. Finally, we use local total employment (TOT_EMP) as a proxy for the 
overall industry-friendliness (deregulation) of a place (Besley and Burgess, 2004; Bertrand and Kramarz, 2002).   
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Including the controls, and taking the log values of the variables which vary widely, Equation 3 becomes: 






+ β3 · log(ENROLLj )+ β4 · log(IT_OCCj) + β5 · log (SPCLZNj)
+ β6 · log(DIVERSITYj) + β7 · log(POP_DENj) + β8 · (TAXj) + β9 · (UNEMPj) + β10 · log(TOT_EMPj) + εj (6) 
We will have a separate model of the form represented in Equation 6 for each of the four IT industries being studied.  
The explanatory and control variables above may not completely represent all of the forces which affect ag-
glomeration. There may be time-invariant features of locations, such as land quality, public infrastructure, and edu-
cational resources which may result in preferences for some places over others. To address these unobserved differ-
ences, we estimate the model in Equation 6 above in time differences. Thus, Equation 6 becomes:  
 ∆log (AGGLjt) = β0 + β1[log(MKT_POTjt+1) – log(MKT_POTjt)] + β3∆log(ENROLLjt)
+ β4∆log(IT_OCCjt) + β5 ∆log(SPCLZNjt) + β6 ∆log(DIVERSITYjt) + β7∆log(POP_DENjt)
+ β8 (TAXjt) + β9∆ (UNEMPjt) + β10 ∆ log(TOT_EMPjt) + ∆εjt  (7) 
where t indexes the year and ∆ is the first difference operator. MKT_POT is represented by Equation 3. ∆εjt is a ran-
dom error, uncorrelated with the function of regressor and is uncorrelated across other local areas. Equation 7 neces-
sitates a non-linear estimation strategy. Taking logs reduces the heteroskedasticity in the error structure. The pa-
rameter β2 (see Equation 2 for MKT_POT) tracks the influence of the Internet on the market potential of a location.  
Data and Model Variables 
We next discuss the data which we use for the proposed estimation. Our choices of proxy variables and data 
sources were guided by previous research. However, we had to make adjustments to accommodate the lack of avail-
ability of some of the data which we needed. The analysis covers 1998 to 2004. The level of analysis is the county. 
We include all counties in the U.S. In an analysis of aggregate nature like this, measurement error increases as the 
level of aggregation goes higher. However, extreme disaggregation may also lead to issues of spatial correlation. 
The county level is an appropriate level for our analysis, based on Hanson (2005).  Some data are not available at the 
county level. Internet adoption (IT) and enrollment in colleges (ENROLL) data are available only at the state level, 
for example. 3 Consequently, we had to use available state-level Internet adoption data for our estimations. To obtain 
as accurate a representation as possible, we used the urban and rural Internet adoption rates in each state to calculate 
the average rate of adoption of the Internet for urban and rural counties in the state as a proxy. While this approxi-
mates our estimation, it does not affect our results much for the following reasons. We are not basing our results on 
the absolute magnitude of the impacts, but instead on relative comparisons between manufacturing and service in-
dustries, and rural and urban areas. The errors introduced due to the approximation are not likely to change the rela-
tive impacts on these comparative analyses. Second, from what we know anecdotally, Internet adoption rates do not 
vary too much across rural counties within a state.  This is possibly why federal statistical agencies have chosen to 
collect data only at the state level. Third, even if the Internet adoption rates of county vary, since we use the state 
average, the errors introduced in one county will be offset by the errors in another, thereby mitigating the extent of 
the overall error.  IT_OCC is available only for metropolitan statistical areas (MSAs), so we include this only for 
the urban analysis. 4
One difficulty in any empirical estimation involving forces determining agglomerations is the likelihood of en-
dogeneity. One reason for endogeneity may be that some contemporaneous shocks to a region will affect both the 
dependent variable and the regressor. This could introduce bias in the results (Redding and Venables, 2004).  The 
 
3 Internet adoption and computer use data were collected as the Current Population Survey (CPS) Supplements, con-
ducted jointly by the U.S. Census Bureau and the Bureau of Labor Statistics. CPS is a detailed monthly household 
survey by state for a selected MSA. CPS Supplements are conducted once a year along with the regular CPS for the 
month. The sample enables statistically-valid state-level annual estimates of Internet adoption, but cannot provide 
county-level estimates of Internet adoption. This limits our ability to obtain county-level Internet adoption informa-
tion. We tried other data sources (e.g., Pew Internet), however, county-level Internet adoption data are not available.  
4 A metropolitan statistical area or MSA is a core urban area of at least 50,000 in population, together with adjacent 
communities having a high degree of economic and social integration with that core. The counties which constitute 
an MSA are periodically defined by the U.S. Office of Management and Budget and these definitions are used by 
Federal statistical agencies in collecting, tabulating, and publishing Federal statistics (U.S. Census Bureau, 2007).   
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likelihood of such shocks, however, will diminish if the unit of analysis is smaller. Although similar studies have 
adopted state (Knapp, 2006) or regions (Brakman et al., 2006; Ottaviano and Pinelli, 2006), by using the county as 
the unit of analysis, we mitigate the likelihood of such contemporaneous shocks (Hanson, 2005). Endogeneity may 
also occur if there is reverse causality. For example, one may argue that agglomeration leads job seekers to come to 
the location with the agglomeration.  Endogeneity is likely to lead to inconsistent estimation results, however. Typi-
cally, it is difficult to find good instrumental variables, as it can always be argued that most instrumental variables 
may be correlated with the error term also (Rosenthal and Strange, 2004). Besides, since the new economic geogra-
phy perspective posits multiple equilibria of agglomeration, any pre-determined characteristics of a location, which 
may be used as an instrumental variable, may be poor predictors of actual equilibrium (Hanson, 2005). While it is 
extremely difficult to totally rule out endogeneity, our effort is to control for its possible negative impacts.  
We also validate the results by repeating the estimation for two data sets—one for all counties and the other for 
urban counties only. The main results for both estimations are broadly consistent. Since we use nonlinear estimation, 
the error term (∆εjt) is not required to be uncorrelated with the independent variables. It suffices if it is uncorrelated 
to the change in the regressor function (Greene, 2000). This is a relatively less stringent requirement. Also, due to 
the differencing method which we adopt, we further defend against any bias due to omitted fixed county effects. 
We use the County Business Pattern data of the U.S. Census Bureau for industry employment, total employ-
ment and land area statistics by county.  To estimate market potential by county, we used its total personal income 
as an indicator of its purchasing power. Personal income is considered as an appropriate indicator of demand of IT 
products, which is directly or indirectly used by firms as well as households, both as capital and consumption goods.  
The Regional Economic Information System (REIS) of the U.S. Bureau of Economic Analysis provides annual es-
timates of total personal income for each county. The geodesic distance between counties was calculated using 
county-level latitude and longitudinal data from the Decennial Census of the U.S. Census Bureau. This involved 
calculating around 10 million distances for 3,142 counties. The Internet adoption data relate to Internet adoption by 
households and were based on the Falling through the Net reports of National Telecommunication and Information 
Administration and the Current Population Survey of the U.S. Census Bureau. 5
Annual population estimates for each county were also collected from the REIS database. The annual sales tax 
rates for each state were collected from the Tax Foundation (www.taxfoundation.org/), a research organization in 
Washington, DC. Unemployment rates for each county were obtained from the Local Area Unemployment Statistics 
(LAUS) of the Bureau of Labor Statistics (BLS). The average earning and average annual employment for each 
county are taken from the REIS.  The data regarding college enrollment reflect the Fall enrollment in degree-
granting institutions; they were collected from the National Center of Education Statistics, and the Institute of Edu-
cation Statistics of the U.S. Department of Education. For the number of IT professionals, we use the Occupational 
Employment Statistics of the Bureau of Labor Statics (BLS).  We used the definition of MSAs as issued by the Ex-
ecutive Office of the President, and the Office of Management on June 30, 1999. The variables and proxies used in 
the estimation are indicated in Table 1 below. (See Table 1.)  
We collected data for the four IT industries from all counties in the 50 states in the U.S., including Hawaii and 
Alaska, as well as the district of Washington, DC. The total number of counties is 3,142.  Out of these, 855 are ur-
ban counties and 2,287 are rural counties. The urban counties are those which fall within an MSA.6 The summary 
statistics of the four IT industries for the years 1998 and 2004 are in Table 2 below. (See Table 2.)  The two IT man-
ufacturing industries, CPEM and SECM, show a declining trend in terms of both the number of counties in which 
these industries exist, and also the average number of employees in the counties in which these industries exist.  
However, the IT service industries, SP and CSDS, show an increase in the average employment in the counties 
where they are located. Though the SP industry shows a decline in terms of number of counties where it occurs, the 
CSDS industry has expanded to more counties.   
Empirical Regularities for the Agglomeration of IT Industries 
We next provide a longitudinal overview of agglomeration of the four IT industries which we study. This helps 
us to understand the spatial dynamics of agglomeration of these industries for the period 1998 to 2004.  
 
5 Internet adoption data available for 1998, 2000-01 and 2003. Other years estimated through linear extrapolation.  
6 The data for Broomfield County in Colorado were available from 2002 only, although this county was formed in 
November 1998.  As a result, we excluded it from the analysis. 
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Table 1. Variables and Proxies Used in Estimation 
NOTATION VARIABLE PROXY 
AGGL Agglomeration Relative employment density  
MKT_POT Market linkages Market potential. Defined in Equation 2 
INC_DS Contribution of one county towards market 
potential of a focal county 
Market divided by distance from focal county 
ENROLL Overall labor market Fall enrollment in degree-granting institutions.  
IT_OCC IT labor market Number of professionals in IT-related occupations 
SPCLZN Scale externalities Defined in Equation  4 
DIVERSITY Scope externalities Defined in Equation  5 
POP_DEN Congestion Population density 
UNEMP Efficiency of local labor market Unemployment rate 
IT  Internet adoption Internet adoption by households  
TAX Local fiscal policy Local sales tax rate 
TOT_EMP Local fiscal policy Local total employment 
Urban versus Rural Counties 
The urban vs. rural distribution of the four IT industries is shown in Table 3 below. (See Table 3.)  The CPEM 
industry has the highest tendency to locate in urban areas. Nearly 78% of the counties in which the industry exists 
are within MSAs. The CSDS industry is least-often located in urban areas, with only about 42% of its counties lo-
cated being urban counties. It is also significant to note that for the SECM and SP industries, the propensity to locate 
in urban counties has increased between 1998 and 2004. On the other hand, for the CSDS industry, the propensity to 
locate in rural counties has increased. 7
Table 2. County-Level Summary Statistics for Four IT Industries, 1998-2004 
EMPLOYMENT # OF ESTABLISHMENTS YEAR # OF 
COUNTIES Mean Std. Dev. Min. Max Mean Std. Dev. Min. Max 
Computer and Peripheral Equipment Manufacturing 
1998   449 577.8 2,316.6 1 36,666 4.55 11.9 1   166 
2004   396 336.3 1,043.4 7   8,730 3.78   8.6 1   110 
Semiconductor and Other Electronic Components Manufacturing 
1998   893 674.6 2,886.2 10 62,701 6.99 25.5 1   506 
2004   826 469.6 1,738.6 10 26,805 6.02 20.9 1   384 
Software Publishing 
1998   913 313.8 1,421.6 2 25,682 12.66 38.0 1   473 
2004   788 425.9 2,021.9 7 36,052 11.46 31.4 1   358 
Computer System Design and Related Services 
1998 1,921 460.1 2,107.6 1 43,509 44.43 167.5 1 2,441 
2004 2,066 534.6 2,520.0 1 61,095 50.95 192.4 1 3,022 
Notes. The mean employment is for counties where the industry occurs. County Business Patterns of the U.S. Census Bureau. 
Relative Employment Density 
The employment density of a county is defined as the number of employees per unit land area. Relative employ-
ment density is the employment density of the county divided by the employment density for the U.S. It is a measure 
of employment density relative to the national average. If there was no agglomeration, relative in all counties would 
be the same. An increase in relative employment density over time suggests that the industry employment in the 
county is increasing faster than the national growth in the industry. The mean and standard deviation of the counties’ 
relative employment densities for the four IT industries are shown in Figures 1a and 1b.  
Figure 1a shows that the mean of relative employment density for IT manufacturing industries (denoted by the 
higher two curves) is much bigger than the similar mean for the IT service industries (the lower two curves).  Fur-
ther, both of the IT manufacturing industries show an increase in mean relative employment density during 1998 to 
 
7 The change in the CPEM industry is small, but significant (t = 3.404, Prob (T > t) = 0.0003). 
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2004 indicating an increased agglomeration of these industries between 1998 and 2004. The mean relative employ-
ment density for CPEM industry increased from 14.87 in 1998 to 16.77 in 2004. A similar trend is also observed for 
the SECM industry. The mean relative employment density increased from 6.2 in 1998 to 7.8 to 2004. Note that the 
overall relative employment density for the SECM industry is much lower than the CPEM industry though, indicat-
ing a relatively more uniform geographical spread for the SECM industry. The location patterns of the CPEM and 
SECM industries shifted during this period in the sense that they now occur in fewer American counties, with lower 
average employment in each county.  They also appear to be becoming more concentrated in fewer counties. 
Table 3. IT Industries in Urban and Rural Counties 
1998 2004 
Counties Urban Rural % Urban Counties Urban Rural % Urban 
IT Manufacturing Industries 
Computers & Peripheral Equip.  449 349 100 77.7% 396 307 89 77.5% 
Semiconductors & Elec. Comp. 893 523 370 58.6% 826 507 319 61.3% 
IT Service Industries 
Software Publishing 913 583 330 63.9% 788 538 250 68.3% 
Computer System Design  1,921 813 1,108 42.3% 2,066 822 1,244 39.8% 
Notes. The urban counties are those which fall within an MSA as defined by the Executive Order of the President, and Office of 
Management, dated June 30, 1999.  Data from County Business Pattern, U.S. Census Bureau. 
The trend for IT service industries is mixed.  Although the SP industry shows no major change in mean relative 
employment density, the CSDS industry shows a change as well. Unlike the IT manufacturing industries, the IT ser-
vice industries do not show a trend of increasing agglomeration. The change in the mean relative employment den-
sity of CSDS industry suggests a shift toward a more uniform geographic spread. The standard deviation of the rela-
tive employment densities of counties reflects the kurtosis (or peakedness) in their distribution. Figure 1b shows 
how the standard deviations of relative employment density changed from 1998 to 2004 for the four IT industries. 
The IT service industries, which have lower mean relative employment densities, have higher standard deviations, 
suggesting the presence of counties with high concentrations of these industries. This is also borne out by Table 4, 
which presents the relative employment densities for the top four counties. The highest relative employment density 
for SP is 3,346 and for CSDS is 5,467, but for CPEM is 877 and for SECM is only 292. The standard deviation of 
relative employment density for IT service industries declined, while the IT manufacturing industries is increasing.  
(a) Mean Relative Employment Density                   (b) Standard Deviation of Relative Employment Density 
Notes: CPEM: Computer and peripheral equipment manufacturing; SECM: Semiconductors and other electronic components 
manufacturing; SP: Software publishing; CSDS: Computer systems design and related services. Also (a) and (b) are calculated 
only for counties in which the IT industries exist. Data source: County Business Pattern, U.S. Census Bureau.  
Figure 1. Relative Employment Density for Four IT Industries, 1998-2004 
This suggests that the spatial dynamics of IT manufacturing and IT service industries are distinct.  The analysis 
also shows that there were observable changes in the agglomerations of these industries during this period, which 
makes identification of our model realistic. We do not contend that the changes in agglomeration of IT industries as 
discussed in this section are due to Internet though. Instead, these changes are a result of several forces: the Internet 
is just one among them. Next we attempt to isolate the strength of the Internet effects relative to the other forces.   
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Table 4. Change in the Relative Employment Densities in the Top Five Counties, 1998-2004 
TOP 5 COUNTIES (1998) 1998 2004 1998 2004 
Computer & Peripheral Equipment Mfg. Semiconductor & Other Electrical Components Mfg. 
Durham county, NC    876.9   726.1 Santa Clara, CA    292.2    196.6(a) 
Hampton City, VA    491.6   -- Orange, CA    191.4    173.3 
Santa Clara, CA    413.3   190.1 Dallas, TX    160.8    176.4 
Fayette, KT    383.5   370.4 Travis, TX    121.8    112.9 
Software Publishing Computer System Design & Related Services 
New York, NY 3,346.0 2,031.5 Fairfax City, VA 5,467.0 3,128.0 
San Francisco, CA    672.1 1,144.7 New York, NY 3,527.2 3,256.5 
Fredericksburg City, VA    445.3    767.4 Arlington, VA 1,191.3 1,833.1 
Arlington, VA    395.0    159.8 Alexandria City, VA 1,177.9    908.6 
Notes. The five counties were selected based on 1998 relative employment densities. Many of these counties were no longer in 
top five in 2004. (a) Manassas County, VA and Duchess County, NY have higher relative employment densities of 714.9 and 
206.6 in 2004. Data source: County Business Pattern, U.S. Census Bureau. 
Estimation Results 
We next present the results of our nonlinear estimation of the model. Pair-wise correlation and other basic diag-
nostics did not suggest any multicollinearity issues. One difficulty in estimating the agglomeration influence at the 
county level is the large number of variables which comprise the proposed estimation model. For each county, there 
are three variables: personal income, distance from the county and the Internet adoption of the two counties. Further, 
since Equation 8 uses a differencing method for the variables, the number of variables which enter the specification 
gets doubled. We address the issue of a large number of variables through the use of a function evaluator program 
for nonlinear regression in STATA 9.0. By differencing the value of each variable from its value in the previous 
year, we generated six sets of values from our data set pertaining to the 1998 to 2004 period. We pooled these ob-
servations to address any asymptotic issues. 
County-Level Analysis Results 
We first estimated the model for all four IT industries for all counties. These results are shown in Table 5. The 
coefficients in nonlinear regression reflect the effect of the corresponding independent variable on the dependent 
variable.  They do not lend themselves to marginal effects, as is the case in linear regression. However, since the 
objective of this study is to verify and study the direction and consistency of the effect of the Internet on the market 
potential of firms in different location, this does not limit our explanation in any substantive way.   
Internet adoption affects the market potential of all the IT industries. It is positive and significant and supports 
the Diminished Market Linkage Effect Hypothesis (H1). Higher IT use appears to enhance firms’ ability to access 
far-away markets, and this ability increases as the Internet adoption and use between these regions increase. How-
ever, we had expected that this effect would be stronger for IT service industries compared to IT manufacturing in-
dustries. The estimation results show that the effect, in fact, is nearly the same for all industries. Therefore, the Dif-
ferential Impact on Manufacturing and Service IT Industries Hypothesis (H2) that we proposed was not supported.  
We did not specify any hypotheses for other forces.  As might be expected, the influence of personal income 
scaled by distance is positive on agglomeration. The scale externalities are relevant for all four IT industries. 
SPCLZN is positive and significant for all four IT industries too. Scope externalities are significant and positive for 
CPEM and SP industries but not for SECM and CSDS industries. The effect of enrollment is surprisingly negative 
for all four IT industries. This suggests that the industries are more skewed in their distribution than the enrollment 
of college students.  Moreover, students typically have to move to other states to seek employment after their gradu-
ation.  Population density is significant and negative for the SP industry though it was not significant for the other 
industries. This is consistent with our observation that this industry shows a high concentration in some counties. 
See Table 5. The effects of other control variables relating to policy (e.g., total employment, unemployment and 
sales tax) are generally along expected lines. Total employment (TOT_EMP) is positively associated with the ag-
glomeration of IT industries. Sales tax rate (TAX) and unemployment rate (UNEMP) are negatively associated with 
IT industry agglomeration, except for the CPEM industry for which these variables are positively associated. 
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COMP. SYS. DESIGN &
RELATED SERVICES 
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std.Err Coeff. Std. Err. 
INC/DIS  0.041*** 0.005  0.074*** 0.003  0.022*** 0.004  0.043*** 0.002 
IT  0.028*** 0.000  0.028*** 0.000  0.028*** 0.005  0.028*** 0.000 
SPCLZN  0.963*** 0.005  0.976*** 0.003  0.924*** 0.004  0.961*** 0.002 
DIVERSITY -0.271*** 0.092  0.051 0.042 -0.194*** 0.062 -0.032 0.021 
ENROLL -0.478*** 0.170 -0.164** 0.083 -0.281*** 0.110 -0.634*** 0.049 
POP_DEN  0.237 0.268 -0.085 0.134 -0.433** 0.184 -0.032 0.078 
TOTEMP  0.733*** 0.098  0.102** 0.042  0.514*** 0.059  0.235*** 0.020 
TAX  0.052*** 0.014 -0.067*** 0.008 -0.007 0.010 -0.053*** 0.005 
UNEMP  0.042*** 0.005 -0.021*** 0.002 -0.008** 0.003 -0.028*** 0.001 
CONSTANT -0.805*** 0.085 -1.301** 0.047 -0.339*** 0.062 -0.652** 0.030 
# Obs.  1,862 4,904 4,695 11,446 
Prob > F 0.000 0.000 0.000 0.000 
Adj. R2 95.6% 95.4% 90.6% 95.5% 
Notes: Unit of analysis: county. The dependent variable is agglomeration, proxied by employment density. The data relate to six 
differenced years: 1998-1999, 1999-2000, 2000-2001, 2001-2002, 2002-2003, and 2003-2004. INC/DIS corresponds to personal 
income in county k divided by the distance between counties j and k. * = p < .10, ** = p < .05, *** = p < .01. 
MSA-Level Analysis Results for the Urban Counties 
We next estimated our model for the effect of the Internet on agglomeration in the 322 MSAs. The MSAs in-
clude primary MSAs and consolidated MSAs, which are made up of larger urban areas. The unit of analysis is the 
county. 855 urban counties are included. With data for number of employees in different IT occupations available 
for MSAs, we controlled for labor markets using IT_OCC. The results of our estimation are shown in Table 6.   







COMP. SYS. DESIGN 
& RELATED SERV.
Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. 
INC/DIS -0.006** 0.003  0.093*** 0.004 0.031*** 0.006  0.053*** 0.003 
IT  0.021*** 0.001  0.021*** 0.001 0.021 0.002  0.021*** 0.001 
SPCLZN  0.984*** 0.002  0.981*** 0.005  0.896*** 0.007  0.960*** 0.003 
DIVERSITY -0.075 0.061  0.141* 0.073 -0.449*** 0.111 -0.103*** 0.039 
IT_OCC -0.006** 0.003  0.007* 0.004  0.002 0.006  0.023*** 0.003 
POP_DEN  0.256* 0.154  0.449** 0.195 -0.444 0.287 -0.142 0.122 
TOTEMP -0.236*** 0.063 -0.008 0.072  0.609*** 0.109  0.344*** 0.036 
TAX  0.005 0.008 -0.047*** 0.011 -0.006 0.016 -0.044*** 0.007 
UNEMP  0.005* 0.003 -0.024*** 0.004 -0.001 0.006 -0.024*** 0.002 
CONSTANT  0.093*** 0.050 -1.60*** 0.070 -0.509*** 0.100 -0.845*** 0.045 
# Obs.   1505 2477 2649 4072 
Prob > F  0.000 0.000 0.000 0.000 
Adj. R2 98.9% 94.7% 87.1% 95.3% 
Notes: Unit of analysis: county.  INC/DIS: personal income of county k divided by distance between county j and k. * = p < .10, 
** = p < .05, *** = p < .01. 
Adoption of the Internet is positive and significant for all four IT industries. Its effect in MSAs is slightly small-
er than we obtained in earlier estimations, when both urban and rural counties were included.  This may be because 
firms located in MSAs have access to the local markets, and so Internet access may not be as important. The lesser 
significance of the Internet for MSAs is consistent with our Differential Impact in Rural and Urban Areas Hypothe-
sis (H3).  It suggests a rural-urban divide for the effect of the Internet on market potential. We do not find that the 
effect of the Internet is higher for service industries as compared to manufacturing industries. So our Differential 
Impact on Manufacturing and Service IT Industries Hypothesis (H2) does not seem to be supported here either.  
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Regional Significance 
We further tested the sensitivity of our results by introducing regional dummies for the four regions: northeast, 
midwest, south and west. States in the regions were identified based on the definition used by the U.S. Census Bu-
reau. The results were very similar to those that we obtained without the regional controls included. Table 7 presents 
the regions which showed up as significant for each of the industries.  For CPEM, the regional dummies are not sig-
nificant, and for SECM, all the regions are positive and significant. For the SP industry, the south and west regions 
are positive and significant. For CSDS, the midwest, south and west regions are positive and significant.  This sug-
gests a preference for agglomeration for the industries in these regions. (The south region includes states like North 
Carolina, Florida, Georgia and Virginia – centers for SP and CSDS. Similarly, the west region has states like Wash-
ington, California, Texas and Colorado, which are well developed for SP and CSDS.  
Big Cities versus Small Cities 
We did not do additional econometric analysis to evaluate differences between the big cities and small cities. 
Instead, we assessed the raw data to make some preliminary observations of the apparent trend of agglomeration of 
the four IT industries in these different settings.  Two operational definitions are in order now. First, big cities had 
populations above one million in 1998 (Class A cities). Second, small cities had population below a quarter million 
in 1998 (Class C and Class D cities).  There were 62 big cities and 145 small cities according to this classification. 
The employment density for the four IT industries is shown in Table 8. (See Table 8.)  







COMP. SYS. DESIGN  
& RELATED SERV.
Regions Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. Coeff. Std. Err. 
Northeast -0.001 0.014 0.025* 0.015 0.011 0.019 0.005 0.010 
Midwest  -0.008 0.014 0.072*** 0.015 0.028 0.018 0.039*** 0.010 
South -0.005 0.014 0.087*** 0.015 0.032* 0.018 0.045*** 0.010 
West -0.006 0.014 0.085*** 0.015 0.037** 0.019 0.048*** 0.010 
Notes: Unit of analysis: county.  Results for regional dummies are reproduced. * = p < .10, ** = p < .05, *** = p < .01. 
The employment density for IT manufacturing industries is declining in big cities, from 1.82 in 1998 to 0.80 in 
2004 for CPEM and from 3.03 to 1.81 for SECM. In contrast, the employment density of IT services increased dur-
ing the same period. For the SP industry the employment density increased from 1.85 in 1998 to 2.20 in 2004, and 
for the CSDS industry, it increased from 4.47 to 5.38 in the same period. These results show that the one aspect of 
what we expected – that service industries tend to concentrate in big cities – is supported prima facie. Our analysis 
of smaller cities shows that there is a decline in the employment densities of the IT manufacturing industries and a 
slight increase in the employment densities of IT service industries. We expected, however, that the IT manufactur-
ing industries should increase their concentration in smaller cities. This suggests that the second aspect of what we 
expected – that IT manufacturing industries tend to concentrate in smaller cities – did not seem to hold up. 
Table 8. Employment Density Trends for Four IT Industries in Big and Small Cities, 1998-2004 
MSA (>1M) MSA (<0.25M) MSA (>1M) MSA (<0.25M)
Computer & Peripheral Equip. Mfg. Semiconductor & Other Elect. Comp. Mfg. 
YEAR 
Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. Mean Std. Dev. 
1998 1.82 5.22 0.69 2.28 3.03 7.22 0.54 1.66 
2004 0.80 1.40 0.38 1.23 1.81 3.48 0.37 1.45 
Software Publishing Computer System Design and Related Services 
1998 1.85 3.53 0.08 0.18 4.47 5.62 0.23 0.37 
2004 2.20 4.16 0.10 0.18 5.38 6.54 0.27 0.42 
Notes. Values for the years 1999, 2000, 2001 and 2002 were excluded due to lack of space.  
Discussion and Implications 
We have used recent theoretical works to advance hypotheses for industrial agglomeration related to the growth 
of use of the Internet by firms and consumers. We defined effective distance as a combination of physical distance 
and Internet adoption.   This is because the Internet affects transaction costs that are linked to the distances involving 
interorganizational interactions.  Using four IT industries, two from IT manufacturing and two from IT services, we 
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empirically showed that the Internet impacts market linkages and their location-specific agglomerations. The hy-
potheses and the corresponding findings are indicated in Table 9 below. (See Table 9.) The Internet further leads to 
diminution of the effective distance between firms and markets – which is in line with Cairncross’ claims about the 
“death of distance” in the presence of these technologies.  This is also in accordance with Leamer and Storper’s 
(2001) conceptualization of disagglomeration force due to use of Internet. Note that we control for other factors 
which create forces of agglomeration, including thickening of labor markets, knowledge spillovers due to scale and 
scope externalities, and congestion in our estimations. So, with increasing adoption of the Internet, the IT industries 
access geographically-remote markets more easily than before. A firm’s market potential depends, thus, not only on 
its distance from the market, but also on how well it is connected to it. Though urban firms have been relatively 
slower in using the Internet for accessing geographically-distant markets, we expect that as other firms access re-
mote markets more, it may become imperative for urban firms to look beyond their local markets too. We also find 
that IT manufacturing industries are declining in big cities and IT service industries are growing in big cities.   
Table 9. Hypotheses and Findings 
HYPOTHESES  FINDING 
Hypothesis 1 (Diminished Market Linkage Effect). The use of the Internet leads to diminished 
market linkages for both the IT manufacturing and IT service industries   
Supported 
Hypothesis 2 (Impact on Manufacturing and Service IT Industries). The market linkage effect 
associated with the Internet is greater for IT service industries than for IT manufacturing industries.  
Not sup-
ported 
Hypothesis 3 (Differential Impact in Rural and Urban Areas). The market linkage effect of the 
Internet is weaker in cities. 
Supported 
Though we expected to see that the Internet does influence market potential, we also expected this effect to be 
stronger for service industries as compared to manufacturing industries.  This was not true for the IT industries 
though. This may be due to the nature of IT manufacturing industries. Semiconductors have become more vertically-
specialized between design and marketing firms and their manufacturing counterparts (Macher et al., 2002). Manu-
facturing and fabrication firms moved from the U.S. to Singapore and China in the mid-1990s (Gourevitch et al., 
2000), and U.S. industry focused on design and marketing activities to a greater extent. The U.S. industry has in-
creasingly become a service industry.  CEPM is also getting offshored, and U.S. firms focus more on marketing 
functions, including distribution, sales and maintenance. Also computer and peripheral equipment has been exten-
sively sold over the Internet, so it is not surprising that Internet adoption has an impact on market potential.  
Another possible explanation for the similar effect of the Internet on IT service and manufacturing industries 
may lie in the recent finding reported by Blum and Goldfarb (2006). They contend that distance has a gravitational 
effect on the consumption of digital goods – even when the transportation costs are zero and the goods are consumed 
over the Internet. They find that that Americans are more likely to visit Web sites from nearby countries for taste-
dependent goods, such as music, games and pornography. Although they do not find any similar evidence for non-
taste dependent goods, this cannot be ruled out, and is probably worth further investigation. Another possible expla-
nation for the presence of gravity costs in the market potential of IT services is the uncertainty that exists when buy-
ers and sellers are not face-to-face but are connected through the Internet for transaction-making (Pavlou and Gefen, 
2004). Huang (2007) observed that negative correlation between geographical distance and trade can be explained 
by the lack of familiarity. Our results also allude to the possibility that the consumption of software and computer 
services is subject to similar gravitational effects, as are the semiconductor and computer manufacturing industries.   
Our analysis in §4 showed that U.S. IT manufacturing industries exhibit increasing concentration, and IT ser-
vice industries are spreading out more uniformly.  Our results also show that the Internet has similar effects on IT 
manufacturing services.  A possible explanation is that their different agglomeration trends come as a result of other 
factors which influence collocation (e.g., factor rents, thick labor markets, knowledge spillovers). A fuller study of 
these additional factors would be helpful in explaining these differences in agglomeration trends.  
A counter-argument can be made that CSDS, which is like the traditional service sector, would be more uni-
formly distributed. Initially, urban areas had a higher concentration of technology companies and computers, so 
these urban areas were the primary consumers of IT services. Over time, as technology has spread to less urban ar-
eas, the need for these computer services has increased, leading to a more uniform distribution of this industry. 
However, it is not obvious whether the new firms in CSDS have chosen or will choose to agglomerate or disperse.  
The new economic geography theory posits that there are centripetal forces, in the presence of which firms tend to 
agglomerate, and centrifugal forces, which tend to push them to disperse (Krugman, 1998). The forces which tend 
firms to agglomerate are: market linkages, labor markets and knowledge spillovers. The forces which send firms 
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away are fixed factors, increasing factor costs and congestion. Each of these may be impacted by the use of the In-
ternet. In our study, we have controlled for other factors and studied the impact of Internet on market linkages alone.   
Policy Implications. Our results relating to the impact of the Internet on market linkages have compelling pol-
icy implications.  Spatial equilibrium analysis in the new economic geography theory typically considers every local 
household as a consumer and a supplier of labor. With more use of the Internet, the consumer and labor characteris-
tics of a household may get divorced from each other, and this may lead to new spatial agglomeration equilibria. 
People may work in nearby firms but purchase goods and services more remotely. Further, as firms increasingly use 
online markets, households will be served by a larger number of suppliers, and will access a greater variety of goods 
and services, improving welfare. From a government perspective, increasing concentration of services and the de-
cline of manufacturing in big cities may have implications for the regional planning perspectives that are adopted. 
Specifically, the changes will have implications from the efficiency and growth perspectives, as less heterogeneity in 
IT clusters may result in the decline of the scale and scope knowledge spillovers that exist between them.  
Implications for Practice. The diminished market linkage would suggest that more firms would tend to locate 
closer to labor markets rather than consumer markets. This could result in greater agglomerations in locations having 
specific labor-related advantages. A variant of this is the increased outsourcing and offshoring by firms to locations 
which specialize in specific activities. Another implication lies in the ability of firms to access distant markets that 
was infeasible in the pre-Internet era. This suggests that more firms may access markets across national boundaries 
and that an increasing trend towards globalization may emerge.  
Contributions and Limitations 
We showed that with increasing Internet adoption, we may expect to see changes in the agglomeration patterns 
of IT industries. The changes may be different for firms located in cities and rural areas. Our results are based on 
reliable secondary data from authoritative governmental sources in the United States. Our results are open to replica-
tion, and also allow other researchers to refine this research to build a cumulative tradition of knowledge on IT in-
dustries.  Our results are about IT manufacturing and IT services, but our theory is general and applicable elsewhere.  
Primary Contributions 
Studies on impacts of IT on a macroeconomic phenomena have been relatively few in the IS literature and em-
pirical studies have been even fewer. Some studies have looked into impacts of Internet on urbanization (e.g., Sohn 
et al., 2003) and globalization (e.g., Zaheer and Manrakhan, 2001), there has not been work on how the Internet af-
fects the location choices of IT industries. This study attempts to make a contribution in this space. The high volume 
of e-commerce transactions will have global effects, and this will prompt countries to change their business infra-
structures.  Additional research is appropriate learn how countries can adapt to and manage this process. We address 
one such transformation: the impacts of Internet on the agglomeration of manufacturing and service industries.   
In developing the hypotheses for this research, we used findings from well-accepted IS, and international and 
regional developmental economics research. Our objective was to address the important macro-effects relating to 
role of IT and the Internet in IT industry agglomeration.  IS researchers have mostly ignored this area to date, even 
though it has been partially addressed by economists.  Leaving these important issues outside the domain of IS re-
search is clearly inappropriate.  Instead, what this research seeks to encourage is additional steps forward in the de-
velopment of macroeconomic perspectives in IS research, as called for by Bakos and Kemerer (1992).  
Our contribution is to incorporate Internet adoption in a model to evaluate why agglomeration occurs for IT in-
dustries in the presence of the Internet.  We show that the Internet affects access of firms to markets.  We also esti-
mate a function with a measure for market potential at the county level, where expected biases due to endogeneity 
can be kept in check.  It is useful to study effects on other determinants of agglomeration not been covered to date.   
Limitations 
We caution the reader about limitations. We adopted a partial equilibrium approach. We do not account for 
feedback effects between Internet adoption and other determinants of market potential or agglomerations.  These 
may be labor market interactions, knowledge spillovers, wages, etc. A more rigorous approach could estimate mar-
ket potential based on theory-based market potential function. Another limitation is endogeneity, which we dis-
cussed in detail in §3; we cannot rule it out. Other bias may arise from measurement error, to the extent there still 
are problems.  Finally, some of our hypotheses are based on analytical models of agglomeration.  The constructs 
employed sometimes are driven by analytical tractability, rather than the reality of the settings that they study.   
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